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BACKGROUND OF THE INVENTION 



5 



Field of the Invention 

The present invention relates to a modem apparatus 
using an xDSL technology that allows high-speed 
communications of several M bits/sec even with a telephone 
10 copper wire cable, and more particularly, to a modem 
apparatus, communication apparatus and communication 
control method that detect a CP (Cyclic Prefix) signal added 
to every data unit (a predetermined number of samples) of 
initializing signals. 



Description of the Related Art 

Against a background of the widespread proliferation of 
the Internet, there is a growing demand for high-speed access 
channels available for constant connection of the Internet. 
20 Furthermore, optical fibers — a^e — increasingly — introducing 
forbackbone fibers are increasingly being introduced for use 



15 
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as the backbone of carriers and use of ultra high-speed 
channels of giga-bit class is beginning in their core sections. 
On the other hand, most of subscriber channels connecting 
user residences and a carrier station are copper wire cables 
5 installed for telephones. Therefore, the introduction of an 
xDSL technology, which allows high-speed communications 
of several M bits/sec with telephone copper wire cables, is 
under study. 

One of the xDSL technologies is an ADSL system. The 
10 ADSL system uses carrier frequencies in a band of 35 kHz or 
higher, which is by far higher than the band used for 
telephones (4 kHz or below). For this reason, the ADSL 
system has an advantage of using telephone lines to carry out 
high-speed data communications without impairment of the 
15 telephone functions. 

A voice modem using a band of 4 kHz or below sends a 
training signal prior to data transmission and then sends a 
data signal. An ADSL modem sends an initializing signal, 
which is equivalent to the training signal, and then sends a 
20 data signal. 
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FIG. 7 shows a sequence diagram of an initializing 
signal sent by the ADSL modem. As shown in FIG. 7, the 
initializing signal has a CP signal added at the beginning of 
every data unit (256 samples in the case of G.Lite) starting 
5 at some midpoint of the signal. The CP signal is configured 
by the same data as that of a predetermined number of 
samples (16 samples in the case of G.Lite) of the rear end of 
the data unit. That is, the 16 samples of the rear end of the 
data unit are copied and added at the beginning of the data 

10 unit, forming a unit of 272 samples (256+16) as a whole. 
Adding this CP signal at the beginning of every data unit 
also when a data signal is sent will prevent inter-code 
interference between data units. This also makes it possible 
to precisely demodulate a DMT (Discrete Multi Tone) 

15 modulated signal adopted by the ADSL system. 

However, regardless of high-speed communication based 
on the ADSL system, the reception terminal cannot determine 
from which part of the initializing signal a cyclic insertion 
of the CP signal starts. For this reason, it is difficult to 

20 directly recognize the boundary between the CP signal and 
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signal body. Here, the cyclic insertion refers to adding the 
rear 16 samples of the data unit at the beginning of the 
relevant data unit and repeating this procedure for every data 
unit. 

5 

SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a 
modem apparatus, communication apparatus and 

10 communication control method capable of accurately 
detecting a CP signal sent at some midpoint of an initializing 
signal without any detection error and precisely 
demodulating a DMT-modulated signal. 

The present invention calculates a difference between 

15 present sampling data and sampling data 1 data unit one data 
unit ahead and cumulatively adds up the squares of the 
difference values calculated for every sampling by going 
back to the time point ahead by the number of samples of the 
CP signal inserted into the initializing signal and confirms 
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the position of the CP signal from the sample number for 
which this addition value indicates a minimum value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The above and other objects and features of the 
invention will appear more fully hereinafter from a 
consideration of the following description taken in 
connection with the accompanying drawing wherein one 
10 example embodiment is illustrated by way of example, in 
which; 

FIG.l is a functional block diagram of a reception 
system of a modem apparatus according to an embodiment of 
the present invention; 
15 FIG. 2 illustrates a connection mode according to an 

ADSL system; 

FIG. 3 illustrates a relationship between an initializing 
signal, the position of a CP signal and an addition value; 

FIG. 4 is a flow chart for CP detection in the modem 
20 apparatus according to the embodiment above; and 
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FIG. 5 is a data sequence diagram of an initializing 
signal. 

DETAILED DESCRIPTION OF THE 
5 PREFERRED EMBODIMENTS 

With reference now to the attached drawings, an 
embodiment of the present invention will be explained in 
detail below. 

10 FIG.l is a functional block diagram of a reception 

system of a modem apparatus according to an embodiment of 
the present invention and is an excerpt of the part that 
detects a CP signal in an initializing signal. Before 
explaining the configuration of the part involved in the 

15 detection of the CP signal in this modem apparatus, an 
example of the channel connection mode constructed via this 
modem apparatus will be briefly explained with reference to 
FIG. 2. 

A telephone station serving as a carrier station and a- 

20 subscriber residence, a user residence, a subscriber residence 

(user residence) are connected via copper wire cable 21. At 
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the subscriber residence, telephone set 23 and ADSL terminal 
side apparatus 24 are connected via splitter 22. Furthermore, 
personal computer 26 as a communication terminal apparatus 
is connected to ADSL terminal side apparatus 24 via a local 
5 network such as 10-BASE-T. At the telephone station, 
exchange 28 and hub 29 (or router) are connected via ADSL 
station side apparatus 27. 

When communication terminal apparatus 26 carries out 
a data communication, an initializing signal is sent/received 

10 between ADSL terminal side apparatus 24 and ADSL station 
side apparatus 27 at the telephone station. This embodiment 
will be explained assuming that this modem apparatus is 
mounted on ADSL terminal side apparatus 24 at the 
subscriber residence, but the modem apparatus can also be 

15 mounted on ADSL station side apparatus 27. Splitter 22 can 
be incorporated in ADSL terminal side apparatus 24 and no 
splitter is required in the case of G.Lite. 

In FIG.l, AD converter 11 samples a reception signal 
sent via copper wire cable 21 and outputs the sampling data 

20 to auto automatic gain controller 12. The sample data with 
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gain adjusted by a-a-^e- automatic gain controller 12 is input to 
first shift register 13 and difference calculator 14 in parallel. 

First shift register 13 has a register length equivalent to 
the number of samples of 1 data unit one data unit . That is, 
5 in the case of G.Lite, first shift register 13 is configured by 
256 delay elements. When certain sample data is input, first 
shift register 13 outputs the sample data 256 samples ahead 
to difference calculator 14. Therefore, difference calculator 

14 calculates a difference between the sample data input this 
10 time and the sample data 1 data unit one data unit ahead (256 

samples ahead in the case of G.Lite). The difference value 
output from difference calculator 14 is squared by multiplier 

15 and input to second shift register 16. 

Second shift register 16 has a register length 
15 corresponding to the number of samples that make up a CP 
signal and has taps to extract stored data from their 
respective delay elements. In this embodiment, a CP signal 
is configured by 16 sample data items, and therefore second 
shift register 16 is configured by 16 delay elements. 
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Adder 17 adds up the squares of 16 difference values 
stored in second shift register 16. This addition value is 
input to comparator 18. Comparator 18 compares the 
addition value with a threshold and outputs a minimum value 
5 detection signal when the addition value is smaller than the 
threshold. This minimum value detection signal becomes a 
candidate signal to indicate the position of the CP signal. 

Here, an algorithm for detecting the CP signal from an 
initializing signal will be explained with reference to FIG. 3. 
10 FIG.3 illustrates a relationship between an initializing signal 
and an addition value of adder 17. The explanation below 
will be focused on data unit (1) in FIG.3. 

Now, suppose the 16th sample data (Snl) from the rear 
end of data unit (1) is input to first shift register 13. From 
15 first shift register 13, sample data (Spl) 256 samples ahead 
of sample data (Snl) is pushed out. As a result, sample data 
(Spl) and sample data (Snl) are simultaneously input to 
difference calculator 14 where their difference is calculated. 

As described above, the CP signal corresponding to 16 
20 samples (Spl to Spl6) added at the beginning of data unit (1) 
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is the same data as the sample data (Snl to Snl6) of 16 
samples of the last part of data unit (1). Therefore, when 
difference calculator 14 calculates the difference between the 

j 

beginning data (Spl) of the CP signal and the beginning data 
5 (Snl) of the last part, the calculation result (difference 
value) would be ideally 0. However, in reality, two sample 
data items do not completely match because of influences of 
noise, etc. In any case, an extremely small value is input to 
second shift register 16. 

10 As a result, the square of at least one difference value, 

which is extremely close to 0, is stored in second shift 
register 16. However, the squares of difference values stored 
ahead are likely to be non-zero values, and therefore the 
addition value output from adder 17 is a value considerably 

15 greater than 0. 

Then, when the 15th sample data (Sn2) from the rear 
end of data unit (1) is input to first shift register 13, sample 
data 1 data unit one data unit ahead of sample data (Sn2) is 
pushed out from first shift register 13 and input to difference 

20 calculator 14. At this time, the sample data pushed out of 
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first shift register 13 is sample data (Sp2), which is a copy 
of the 15th sample data (Sn2) from the rear end. Therefore, 
difference calculator 14 outputs the square of the difference 
value close to 0 again. As a result, the square of the 
5 difference value close to 0 is input to second shift register 
16 again, and therefore the addition value which adder 17 
outputs is much smaller than the previous value. Thereafter, 
the squares of difference values close to 0 are input to 
second shift register 16 in the same way. Then, when the 

10 last sample data (Snl6) of data unit (1) is input to first shift 
register 13 and difference calculator 14, and the square of 
the difference value is stored in second shift register 16, the 
squares of difference values close to 0 are stored in all delay 
elements of second shift register 16. As a result, the 

15 addition value output from adder 17 at that time is the 
smallest value. 

This state occurs every time the last sample data of 
each data unit is input. As shown in FIG. 3, the sample data 
next to the last sample data is the position of the first sample 

20 of the CP signal. Therefore, detecting the time point at 
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which the output of adder 17 becomes virtually 0 makes it 
possible to detect the beginning position of the CP signal. 

By the way, the The square of the difference between 
the sample data (Spl to Spl6) of the CP signal and the last 
5 16 samples (Snl to Snl6) of the data unit, which forms the 
basis of the CP signal, would be ideally 0, but slightly 
fluctuates depending on the channel condition. This 
embodiment determines a threshold capable of accurately 
detecting the adder output at all minimum value detection 

10 points from the adder output at minimum value detection 
points corresponding to a plurality of CP signals from the 
beginning of the initializing signal and sets this threshold in 
comparator 1 8. 

When the adder output falls below the threshold, 

15 comparator 18 outputs a minimum value detection signal. 
The position of the CP signal is detected from this minimum 
value detection signal. 

FIG.l shows the hardware circuit to detect a CP signal 
in the modem apparatus above, but it is possible to execute 

20 the processing from AD converter 11 onward by software. 
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FIG. 4 is a flow chart to execute CP detection processing in 
the modem apparatus above. 

At a sampling time (S41), [[4-]] one sample is input 

(542) and a difference between the sample data this time and 
5 sample data 4 — data unit one data unit ahead is calculated 

(543) . Then, the squares of difference values corresponding 
to the past 16 samples are added up (S44) and the addition 
value is compared with a threshold (S45). The threshold can 
be obtained using the above-described method. 

10 When the addition value is smaller than the threshold, 

the sample number of the sample data this time is stored 
(S46). Then, it is determined whether the sample number 
this time is ahead of the sample number stored previously by 
a predetermined number (number of samples of data unit + 

15 number of samples of CP signal) or not (S47). If the sample 
number this time is smaller than the predetermined number, 
the addition value is likely to have fallen below the 
threshold by accident, and therefore the process goes back to 
step S41. In this case, the sample number stored in step S46 

20 is discarded. 
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From this, even if the addition value of the squares of 
difference values corresponding to the past 16 samples falls 
below the threshold at a position not corresponding to the 
beginning position of the CP signal (more accurately, the 
5 position [[4-]] one sample ahead), it is possible to prevent the 
position from being misjudged as the beginning position of 
the CP signal. 

On the other hand, if the sample number this time has 
increased by a predetermined number in step S47 5 it is 

10 further determined the number of times the minimum value is 
detected and if predetermined number N is not reached yet, 
the process goes back to step S41 again. This makes it 
possible to confirm the CP position based on the results of a 
plurality of minimum value detections and thereby 

15 drastically improve the reliability compared to the case of 
confirming the CP position with only the first one minimum 
value detection. 

Then, when the number of times a minimum value is 
detected reaches predetermined number N in step S48, the CP 
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position is identified from the sample number at the 
minimum value detection points stored so far (S49) . 

After the CP signal position is identified as shown 
above, the data unit of the data signal sent after the 
5 initializing signal is extracted and demodulated with 
reference to the CP signal added at the beginning of the data 
unit. 

In the connection mode shown in FIG. 2, ADSL terminal 
side apparatus 24 is connected to communication terminal 

10 apparatus 26 via local network 25, but it is also possible to 
use a mode in which communication terminal apparatus 26 
incorporates ADSL terminal side apparatus 24. Furthermore, 
communication terminal apparatus 26 is not limited to a 
personal computer, but can also be any other apparatus 

15 equipped with a facsimile apparatus (including Internet fax) 
and a communication function. 

The present invention described above can provide a 
modem apparatus, communication terminal apparatus and 
communication control method capable of accurately 

20 detecting a CP signal sent at some midpoint of the 
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initializing signal without any detection error and precisely 
demodulating a DMT-modulated signal. 

The present invention is not limited to the above- 
described embodiments, and various variations and 
modifications may be possible without departing from the 
scope of the present invention. 

This application is based on the Japanese Patent 
Application 2000-094259 filed on March 30, 2000, entire 
content of which is expressly incorporated by reference 
herein. 
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